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Abstract
Exotic forms of matter such as carbon nanofoams, hexalambdas and strange stars,
pentaquarks, color-balls, etc. and their relations to current problems in cosmo-particle
physics such as dark matter and energy are discussed in some details. The contents of
this talk include the following:
I. Introduction
II. Exotic Molecules
III. Exotic Nuclei and Strange Stars
IV. Exotic Mesons and Baryons
V. Exotic Quarks, Leptons, and Gauge Bosons
VI. Dark Matter and Energy
VII. Conclusion and Future Prospects.
I. Introduction
In the twentieth century, the atomism became one of the most important principles
in physics: matter consists of molecules, a molecule consists of atoms, an atom consists
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of a nucleus and electrons, a nucleus consists of nucleons, a nucleon consists of quarks,
and, perhaps, a quark consists of subquarks, the most fundamental constituents of
matter[1]. In the twenty-first century, it has become one of the ultimate goals in physics
to find the substructure of fundamental particles such as quarks, leptons, gauge bosons,
and Higgs scalars. It is, however, still interesting to find new forms of matter which
differ from ordinary molecules, atoms, nuclei, hadrons, quarks, and leptons. Recently,
such exotic forms of matter as carbon nanofoams[2] and pentaquarks[3] have been
found experimentally (although some doubdts in the latter evidence). In the near
future, more exotic forms of matter such as hexalambdas[4] and color-balls[5] would be
found. In this talk, I am going to discuss these exotic molecules, exotic nuclei, exotic
hadrons, and exotic fundamental particles(quarks, leptons, and gauge bosons) in some
detail.
II. Exotic Molecules
Very recently, a new form of carbon called “carbon nanofoam” has been created
at the Australian University in Canberra by bombarding a carbon target with a laser
capable of firing 10,000 pulses a second. As the carbon reached temperatures of around
10, 000◦C, it formed an intersecting web of carbon tubes, each just a few billionths
of a meter long. It is a spongy solid that is extremely lightweight and, unusually,
attracted to magnets. It is the fifth form of carbon known after graphite, diamond
and two recently discovered types: hollow spheres, known as buckminsterfullerenes or
buckyballs, and nanotubes[2].
Suppose that there are N carbon nanotubes whose mass, length, and magnetic
moment are mi, ai, and µi, respectively (i = 1, 2, 3, ..., N). For simplicity, let us
assume that each nanotube is taken as a straight string with the ends whose positions
are xNi and x
S
i . Then, the motion of nanotubes can be described by the Lagrangian of
L =
∑
i
p2i
2mi
−∑
i>j
µiµj
aiaj
(
1
|xNi − xNj |
− 1|xNi − xSj |
− 1|xSi − xNj |
+
1
|xSi − xSj |
)
+
∑
i
ξi(|xNi − xSi | − ai),
where pi is the nanotube momentum and ξi is a Lagrange multiplier.
Although it seems difficult to discuss a quantum state of large N nanotubes even
in the simplest case of equal mass, length, and magnetic moment(mi = m, ai = a,
and µi = µ), we can expect to find a close similarity between a microscopic state of
carbon nanotubes and a macroscopic state of magnetized iron sand. For example, it
is natural to expect that at high temperature or after long time a net form of carbon
nanofoams encounters a phase transition into a gas form of carbon nanotubes. Not only
experimental but also theoretical detailed studies of the dynamics of carbon nanofoams
are highly desirable since this new form of matter may be taken as one of the most
useful tools even for medical purpose in the near future[2].
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III. Exotic Nuclei and Strange Stars
A super-hypernucleus is a nucleus which consists of many strange quarks as well as
up and down quarks. In 1979, I proposed the quark-shell model of nuclei in quantum
chromodynamics, presented the effective two-body potential between quarks in a nu-
cleus, pointed out violent breakdown of isospin invariance and importance of U-spin
invariance in superheavy nuclei, and predicted possible creation of “super-hypernuclei”
in heavy-ion collisions at high energies, based on the natural expectation that not only
the Fermi energy but also the Coulomb repulsive energy is reduced in such nuclei[4]. A
similar idea was presented independently and almost simultaneously by Chin and Ker-
man, who called super-hypenuclei “long-lived hyperstrange multiquark droplets”[6].
Five years later in 1984, the possible creation of such super-hypernuclear matter in
bulk (on a much larger scale of both mass number and space size) in the early Universe
or inside neutron stars was discussed in detail in QCD by Witten, who called super-
hypernuclear matter “quark nugets”[7] while the properties of super-hypernuclei were
investigated in detail in the Fermi gas model by Farhi and Jaffe, who called super-
hypernuclei “strange matter”[8]. In a series of papers published in 1989 and 1990, I
reported an important part of the results of my investigation on the mass spectrum
and other properties of super-hypernuclei in the quark-shell model[4].
Let Nu, Nd, and Ns be the number of u’s, that of d’s, and that of s’s, respectively.
Then, a nucleus of (Nu, Nd, Ns) has the atomic number, the mass number, and the
strangeness given by Z = (2Nu −Nd −Ns)/3, A = (Nu +Nd +Ns)/3, and S = −Ns.
By noting not only a possible similarity between the effective nuclear potential and
the effective quark one but also an additional three color-degrees of freedom, I have
predicted that the magic numbers in the quark- shell model are three times the famous
magic numbers in the nucleon-shell model (Z,A − Z = 2, 8, 20, 28, 50, 82, 126, ...), i.e.
Nu, Nd, Ns = 6, 24, 60, 84, 150, 246, 378, .... Therefore, the magic nuclei such as
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2He and
16
8 O are doubly magic and superstable also in the quark-shell model since Nu = Nd = 6
for 42He and Nu = Nd = 24 for
16
8 O. What is new in the quark-shell model is the
expectation that not only certain exotic nuclei with a single magic number such as
the “dideltas”, Dδ++++ with Nu = 6 and Dδ
−− with Nd = 6, but also certain super-
hypernuclei with a triple magic number such as the “hexalambda”, Hλ with Nu =
Nd = Ns = 6, and the “vigintiquattuoralambda”, V qλ with Nu = Nd = Ns = 24, may
appear as quasi-stable nuclei. In fact, in the MIT bag model[9], one can easily estimate
the mass of Hλ to be as small as 6.3GeV, which is smaller than 6mΛ(∼= 6.7GeV ).
However, in the quark-shell model, there is no qualitative reason why the “dihyperon”
or “H dibaryon”, H with Nu = Nd = Ns = 2, should be quasi-stable or even stable. I
have made many other predictions including a sudden increase of the K/π ratio due
to production of super-hypernuclei in heavy-ion collisions at high energies[4].
In 1990, Saito et al. found in cosmic rays two abnormal events with the charge of
Z = 14 and the mass number of A ∼= 370 and concluded that they may be explained
by the hypothesis of super-hypernuclei[10]. In order to find whether these cosmic ray
events are really super-hypernuclei as suggested by the cosmic ray experimentalists,
I investigated how the small charge-to-mass-number ratio of Z/A is determined when
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super-hypernuclei are created. In the paper published in 1991, I have shown that such
a small charge of 3 ∼ 30 may be realized as Z ≤ √2A/3(∼= 15.7 for A = 370) if the
super-hypernuclei are created spontaneously from bulk super-hypernuclear matter due
to the Coulomb attraction[11]. Therefore, the most likely explanation for the abnormal
events seems to be that they are, at least, good candidates for super-hypernuclei as
suggested by Saito et al.[10].
However, in the other paper published in 1993, I have suggested the second most
likely explanation that they may be “technibaryonic nuclei” or “technibaryon-nucleus
atoms”[12]. A technibaryon is a baryon which consists of techniquarks in a bound
state due to the technicolor force[13]. A technibaryonic nucleus is a nucleus which
consists of nucleons and a technibaryon. A technibaryon- nucleus atom is an atom
which consists of a negatively charged technibaryon and an ordinary nucleus in a bound
state due to the Coulomb force. The technibaryon mass can be expected to be about
2TeV either from scaling of the baryon mass with the color and technicolor dimensional
parameters ΛC and ΛTC [14] or from my estimation of the techniquark mass to be about
0.5 ∼ 0.8TeV from the PCDC (Partially-Conserved-Dilation-Current) anomaly sum
rule for quark and lepton masses[15]. The mass value of about 0.4TeV obtained for the
abnormal cosmic ray events is much smaller than the expected values for technibaryonic
nuclei or technibaryon-nucleus atoms. However, this value would not be excluded since
large experimental error in determining the masses might be involved. In this respect,
note that the abnormal cosmic ray event found in 1975 by Price et al. may be better
explained by a technibaryonic nucleus or technibaryon-nucleus atom since their later
analysis might indicate the charge of Z ∼= 46 and the mass number of A ≥ 1000[16].
Also note that the abnormal cosmic ray event found in 1993 by Ichimura et al. may be
better (but much less better) explained by a technibaryonic nucleus or technibaryon-
nucleus atom since they reported the charge of Z ≥ 32± 2[17].
More recently, I have proposed the third most likely explanation for the abnormal
cosmic ray events that they may be “color-balled nuclei”[18]. A color-ball is a color-
singlet bound state of an arbitrary number of gluons[5] or of “chroms”, Cα (α =
0, 1, 2, 3), which are the most fundamental constituents of quarks and leptons (called
“subquarks” in a generic sense) with the color quantum number and which form quarks
and leptons together with a weak-isodoublet of subquarks (called “wakems”), wi (i =
1, 2), in the unified composite model of all fundamental particles and forces[1]. A color-
balled nucleus is a nucleus which consists of nucleons and a color-ball. The color-ball of
(C0C1C2C3) is not only electomagnetically neutral but also weakly neutral. However,
it strongly interacts with any hadrons due to the van der Waals force induced by the
color-singlet state of (C1C2C3) as baryons, the color-singlet states of three quarks. Its
mass may be very large as scaled by the subcolor energy scale ΛSC (of the order of,
say, 1TeV)[19] and its size may be very small as scaled by 1/ΛSC (∼ 1/1TeV ) but it
may be absolutely stable. This extremely exotic particle (which we may call “primitive
hydrogen”) may provide us not only the third most likely explanation for the abnormal
cosmic ray events but also another candidate for the missing mass in the Universe.
Already in 1971, Bodmer pointed out the possibility that super-hypernuclei (which
he called “collapsed nuclei”) may exist on a large scale[20]. He even suggested then
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that they may explain the missing mass in the Universe. For the last one decade,
“strange stars” consisting of super-hypernuclear matter have been investigated in great
detail not only theoretically but also experimentally[20]. If the possible identification
of the recently discovered unusual x-ray burster GRO J1744-28 as a strange star by
Cheng, Dai, Wei, and Lu is right[21], the existence of super-hypernuclear matter or
“strange matter” has already been discovered by astrophysicists as a gigantic super-
hypernucleus or “strangelet”, the super-hyperstar or “strange star” in the Universe,
before being discovered by high-energy experimentalists in heavy-ion collisions. I must
also mention that not only the recent possible identification of the x-ray pulsar Her X-1
as a strange star claimed by Li, Dai, and Wang and of the x-ray burster 4U 1820-30
proposed by Bombaci[22] but also the more recent possible identification of the newly
discovered millisecond x-ray pulsar SAX J1808.4-3658 suggested by Li, Bombaci, Dey,
and van den Heuvel[23] seems to be just as reasonable as that of GRO J1744-28 by
Cheng et al.[21]. Very recently, NASA’s Chandra X-ray Observatory has found two
stars, RXJ185635-3757 which is too small (about 11.3km) and 3C58 which is too cold
(less than 1 million degrees in Celsius), being most likely strange stars[24].
In September, 1999, just before the BNL RHIC was about to open up a high-energy
range of order hundred GeV/nucleon for heavy-ion-heavy-ion colliding beams, a rumor
shocked the whole world[25]. It said that if a negatively charged stable strangelet were
produced by RHIC experiments, it would convert ordinary matter into strange matter,
eventually destroying the Earth. However, I argued that there is no danger of such a
“disaster” at RHIC since the most stable configuration of strange matter must have
positive electric charge thank to the fact that the up quark is lighter than the down
and strange quarks[4]. This liberation from such a horrible fear in the “disaster story”
would remind us of the fact that the very existence of ordinary matter depends on the
mass difference between the proton and neutron which depends on that between the
up and down quarks (which further depends on that between the subquarks, w1 and
w2)!
Concerning the observation of quark-gluon plasma (QGP) states possibly produced
in high-energy heavy-ion collisions, which had been claimed strongly by the experimen-
tal groups at CERN SPS just before the RHIC was about to operate, no clear indication
has yet been reported by the experimental groups at BNL RHIC[26]. There have been
proposed several signs for productions of QGP states in heavy-ion collisions including
1) sudden change of transverse-momentum distribution of produced particles[27], 2)
sudden increase of the ratios of produced antiparticles (K+,p, etc.)[28], 3) sudden sup-
presion of J/ψ productions, and 4) sudden broadening of the widths of produced ρ′s
and ω′s. However, I always argue that all the proposals except for the first seem to
be ambiguous since they may well indicate something else. In fact, very recently the
Japanese nuclear experimental group has observed a significant difference in the mass
spectra below the omega meson between p+C and p+Cu interactions, indicating that
the spectral shape of mesons is modified at normal nuclear-matter density[29].
Thus, I must conclude this Section by saying that there has not yet appeared a
clear indication of exotic nuclei found in high energy experiments although there are
some candidates reported by the cosmic-ray experimentalists and by the astrophysi-
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cists. However, I must add that not only the recent discovery of “triaxially deformed
nuclei”[30] but also that of “superheavy hydrogens”[31], 5H and 7H , would be some-
thing exotic in low-energy nuclear physics.
IV. Exotic Mesons and Baryons
A pentaquark is a baryon which consists of four quarks and an antiquark. Recently,
motivated by the prediction of a baryon with JP = 1/2+, Q = +1, I = 0, and S = +1
at m = 1530MeV by Diakonov, Petrov, and Polyakov in the chiral soliton model
in 1997, the LEPS and DIANA Collaborations have found a narrow resonance with
B = 1, Q = +1, I = 0, and S = +1 at m = 1.54 ± 0.01GeV and at m = 1539 ±
2MeV , respectively[3], which have been claimed as the first evidence for the pentaquark
of (ududs). Although the evidence for this exotic baryon, Θ+, from experiments of
various types such as photoproduction, low-energy kaon-nucleus scattering, etc., has
been increasing with time, the non-obsevation of Θ+ in many other experiments has
also continued, which seems to be a kind of mystery[3]. More recently, the NA49
Collaboration has found other narrow resonances with B = 1, Q = −2 and 0, and
S = −2 both at m = 1.862 ± 0.002GeV , Ξ−−(dsdsu) and Ξ0(dsusd)[32], and the H1
Collaboration has found yet another narrow resonance with B = 1, Q = 0, and the
negative charm quantum number at m = 3099 ± 6MeV , Θ0c(ududc)[33]. However, it
seems also a kind of mystery that these new resonances have not yet been observed
by any other experiments[3]. As it stands now, I would be rather neutral in accepting
their observations of Θ+ as the first evidence for a new form of matter, the pentaquark.
Theoretically, however, one can expect that there exist not only exotic mesons
consisting of two quarks and two antiquarks but also exotic baryons consisting of four
quarks and an antiquark. It is in principle straightforward (but not so easy) to calculate
the masses and widths of such exotic hadrons in quantum chromodynamics, the Yang-
Mills gauge theory of color SU(3) for strong interactions of quarks and gluons[34]. For
F flavors and three colors of quarks qi with massesmi (i = 1, 2, 3, ..., F ), the Lagrangian
is given by
LQCD =
∑
i
qi[iγ
µ(∂µ − igλ
a
2
Aaµ)−mi]qi −
1
4
(∂µA
a
ν − ∂νAaµ + gfabcAbµAcν)2,
where g is the strong coupling constant of SU(3)c gluon fields A
a
µ (a = 1, 2, 3, ..., 8), and
λa and fabc (a, b, c = 1, 2, 3, ..., 8) are the Gell-Mann matrices and structure constants
of SU(3), respectively. In the non-relativistic approximation, the Hamiltonian for a
hadron consisting of N quarks and antiquarks with the momenta pi is given by
H =
∑
i
(mi +
p2i
2mi
)−KG +
∑
i>j
Vij,
where KG is the center-of-mass kinetic energy of the hadron and Vij (i, j = 1, 2, 3, ..., N)
is the potential between the i-th and j-th quarks or antiquarks in the hadronic mat-
ter. In the first approximation of ignoring the interaction between a quark (or an
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antiquark) and a diquark (or an anti-diquark) in the hadronic matter, the potential is
approximately given by the one-gluon-exchange potential[35] as
Vij = αs(
λai
2
λaj
2
)(
1
rij
− π
2
δ3(rij)[
1
m2i
+
1
m2j
+
16(sisj)
3mimj
]
+
1
mimjr3ij
[sisj − 3(rijsi)(rijsj)
r2ij
]),
where αs(≡ g2/4π) is the strong coupling constant, λai and si are the color-SU(3) spin
and the spin of the i-th quark (or antiquark), respectively, and rij is the distance be-
tween the i-th and j-th quarks (or antiquarks). Even in this simlified Hamiltonian
model, it is not easy to calculate the masses and widths of pentaquarks without de-
pending on more definite picture on the structure of exotic baryons.
There have been proposed two different cluster models of pentaquarks: 1) In the
Jaffe-Wilczek model, the four quarks form two scalar and color-anti-triplet diquark
clusters, which form the color-singlet pentaquark state of (qq)(qq)q with the remaining
color-anti-triplet antiquark[36], and 2) in the Karliner-Lipkin model, there are one
scalar and color-anti-triplet diquark cluster and a spinor and color-triplet triquark
cluster, which form the color-singlet pentaquark state of (qq)(qqq)[37]. In both of these
models, a relative angular momentum of L = 1 is assumed between the clusters in
order to explain the observed narrow width of the state. Therefore, the parity of the
pentaquark state is predicted to be positive and the flavor structure is also to be in
8 + 10 in both of these models[38].
In order to discuss the mass spectra and decay widths of pentaquarks more quan-
titatively[3], one further needs additional dynamical machineries such as the Skyrme
model[39,40], the antisymetrized molecular dynamics (AMD)[41,42], and the QCD sum
rule[43,44]. Recently, Jenkins and Manohar have given the mass formula for non-exotic
and exotic baryons as an expansion in 1/Nc (where Nc is the number of colors)[40].
More recently, Kanada-En’yo, Morimatsu, and Nishikawa have tried to calculate the
masses and widths of Θ+(uudds) in a quark model with AMD[42] while Kondo, Mori-
matsu, and Nishikawa have pointed out that the naive pentaquark correlation functions
in the extended QCD sum rule include two-hadron-reducible contributions, which have
nothing to do with pentaquarks[44]. I would rather conclude this Section by empha-
sizing that much more elaborated studies on possible exotic hadrons may be needed
not only experimentally but also theretically before one claims the discovery of them.
Also, I would like to emphasize that not only experimental studies on possible exotic
mesons[45] but also theoretical ones in the lattice QCD[46] seem to be more desirable
since they may suffer from less ambiguities.
V. Exotic Quarks, Leptons, and Gauge Bosons
The standard model of fundamental particles and forces is a combination of quan-
tum chromodynamics(QCD) for strong interactions of quarks and quantum flavor-
dynamics for electroweak interactions of quarks and leptons, the unified SU(2)L×U(1)Y
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gauge theory of Glashow-Salam-Weinberg[47]. For three generations of quarks and lep-
tons, Qi ≡ (Ui, Di) and Li ≡ (Ni, Ei) (where i = 1.2.3), the Lagrangian for the latter
dynamics is given by
LEW =
∑
i
[QiLiγ
µ(∂µ − ig τ
a
2
Aaµ − ig′
YQ
2
Bµ)QiL
+U iRiγ
µ(∂µ − ig′YU
2
Bµ)UiR +DiRiγ
µ(∂µ − ig′YD
2
Bµ)DiR
+LiLiγ
µ(∂µ − ig τ
a
2
Aaµ − ig′
YL
2
Bµ)LiL
+N iRiγ
µ(∂µ − ig′YN
2
Bµ)NiR + EiRiγ
µ(∂µ − ig′YE
2
Bµ)EiR
−GUi(QiLφGUiR + U iRφG+QiL)−GDi(QiLφDiR +DiRφ+QiL)
−GNi(LiLφGNiR +N iRφG+LiL)−GEi(LiLφEiR + EiRφ+LiL)]
−1
4
(∂µA
a
ν − ∂νAaµ + gǫabcAbµAcν)2 −
1
4
(∂µBν − ∂νBµ)2
+|(∂µ − ig τ
a
2
Aaµ − ig′
Bµ
2
)φ|2 − µ2|φ|2 − λ(|φ|2)2,
where g and g′ are the coupling constants of S(2)L and U(1)Y gauge fields A
a
µ (where
a = 1, 2, 3) and Bµ, Y ’s are the weak-hypercharges of quarks and leptons, G’s are
the Yukawa coupling constants of the weak-isodoublet Higgs scalar φ and fundamental
fermions (quarks and leptons), and µ2 and λ are the mass parameter and self-coupling
constant of φ. Since there are not only so many fundamental particles such as the
fundamental fermions (quarks and leptons), the gauge bosons (photon, weak bosons,
and gluons), and the Higgs scalars but also so many arbitrary parameters such as
the gauge coupling constants (of SU(3)c, SU(2)L, and U(1)Y ), the Yukawa coupling
constants (of quarks and leptons), and the Higgs scalar mass and coupling parameters,
the standard model may not be the most fundamental theory but a theory which
can be derived as an effective and approximate theory at low energies from a more
fundamental theory.
In 1977, we proposed the unified composite model of fundamental particles and
forces in which not only quarks and leptons but also gauge bosons and Higgs scalars
are composites of subquarks, the most fundamental form of matter[1,48]. The minimal
supersymmetric composite model of quarks and leptons consists of an isodoublet of
spinor subquarks with charges ±1/2, w1 and w2 (called “wakems”standing for weak
and electromagnetic)[48], and a Pati-Salam color-quartet of scalar subquarks with
charges +1/2 and −1/6, C0 and Ci (i = 1, 2, 3)(called “chroms”standing for colors)[49].
The spinor and scalar subquarks with the same charge +1/2, w1 and C0, may form a
fundamental multiplet of N = 1 supersymmetry[50]. Also, all the six subquarks, wi(i =
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1, 2) and Cα(α = 0, 1, 2, 3), may have “subcolors”, the additional degrees of freedom,
and belong to a fundamental representation of subcolor symmetry[19]. Although the
subcolor symmetry is unknown, a simplest and most likely candidate for it is SU(4).
Therefore, for simplicity, all the subquarks are assumed to be quartet in subcolor SU(4).
Also, although the the confining force is unknown, a simplest and most likely candidate
for it is the one described by quantum subchromodynamics (QSCD), the Yang-Mills
gauge theory of subcolor SU(4)[19]. Note that the subquark charges satisfy not only
the Nishijima- Gell-Mann rule of Q = Iw3 + (B − L)/2 but also the “anomaly-free
condition” of
∑
iQwi =
∑
αQCα = 0. The Lagrangian for QSCD is simply given by
LQSCD =
∑
i
wi[iγ
µ(∂µ − igλ
a
2
Aaµ)−Mi]wi +
∑
α
[|(∂µ − igλ
a
2
Aµ)Cα|2 +m2α|Cα|2]
−1
4
(∂µA
a
ν − ∂νAaµ + gfabcAbµAcν)2,
where g is the coupling constant of SU(4)sc gauge fields A
a
µ (a = 1, 2, 3, ..., 15), λ
a and
fabc are the extended Gell-Mann matrices and structure constants of SU(4), respec-
tively, and M ’s and m’s are the wakem and chrom masses.
In the minimal supersymmetric composite model, we expect that there exist at least
36 (= 6× 6) composite states of a subquark and an antisubquark which are subcolor-
singlet. They include 1) 16 (= 4×2×2) spinor states corresponding to one generation
of quarks and leptons, and their antiparticles of
ν = C0w1, l = C0w2, ui = C iw1, di = C iw2
and their hermitian conjugates (i = 1, 2, 3), 2) 4 (= 2× 2) vector states corresponding
to the photon and weak bosons of
W+ = w2w1; γ, Z = w1w1, w2w2, C0C0, CiCi;W
− = w1w2
or 4 (= 2× 2) scalar states corresponding to the Higgs scalars of
φij =
(
w1w1 w2w1
w1w2 w2w2
)
(i, j = 1, 2) and 3) 16 (= 4 × 4) vector states corresponding to a) the gluons, “lep-
togluon”, and “barygluon” of
Ga = C i
λaij
2
Cj ;G
0 = C0C0;G
9 = C iCi
(i, j = 1, 2, 3), where λa (a = 1, 2, 3, ..., 8) is the Gell-Mann matrix of SU(3)c, and b)
the “vector leptoquarks” of
Xi = C0Ci
9
and the hermitian conjugates (i = 1, 2, 3), or 16 (= 4×4) scalar states corresponding to
the “scalar gluons”, “scalar leptogluon”, “scalar barygluon”, and “scalar leptoquarks”
of
Φαβ = CαCβ
(α, β = 0, 1, 2, 3). Quarks and leptons with the same quantum numbers but in dif-
ferent generations can be taken as dynamically different composite states of the same
constituents. In addition to these “meson-like composite states” of a subquark and
an antisubquark, there may also exist “baryon-like composite states” of 4 subquarks
which are subcolor-singlet. These exotic quarks, leptons, and gauge bosons are a new
form of quark-lepton matter, which is a subject to discuss later in this Section.
In the unified subquark model of quarks and leptons[48], it is an elementary exercise
to derive the Georgi-Glashow relations[51],
sin2θw =
∑
(I3)
2/
∑
Q2 = 3/8
and
f 2/g2 =
∑
(I3)
2/
∑
(λa/2)2 = 1
for the weak-mixing angle (θw), the gluon and weak-boson coupling constants (f and
g), the third component of the isospin (I3), the charge (Q), and the color-spin (λ
a/2)
of subquarks, without depending on the assumption of grand unification of strong and
electroweak interactions. The experimental value is sin2θw(MZ) = 0.23117(16)[52].
The disagreement between the value of 3/8 predicted in the subquark model and the
experimental value might be excused by insisting that the predicted value is viable as
the running value renormalized a la Georgi, Quinn, and Weinberg at extremely high
energies (as high as 1015GeV ), given the “desert hypothesis”[53].
The CKM quark-mixing matrix V [54] is given by the expectation value of the
subquark current between the up and down composite states as
Vud ∼< u|w1w2|d >, ...
[55]. By using the algebra of subquark currents[56], the unitarity of quark-mixing ma-
trix, V V + = V +V = 1, has been demonstrated although the superficial non-unitarity
of V as a possible evidence for the substructure of quarks has also been discussed by
myself[57]. In the first- order perturbation of isospin breaking, we have derived the
relations of
Vus = −V ∗cd, Vcb = −V ∗ts, ...,
which agree well with the experimental values of Vus = 0.221 ∼ 0.227 and Vcd =
0.221 ∼ 0.227[52], and some other relations such as
Vcb(= Vts) ∼= (ms/mb)Vus ∼= 0.021,
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which roughly agree with the recent experimental value of Vcb = 0.039 ∼ 0.044[52]. In
the second-order perturbation, the relations of
Vub ∼= (ms/mc)VusVcb ∼= 0.0017
and
Vtd ∼= VusVcb ∼= 0.0046
have been predicted. The former relation agrees remarkably well with the recent
experimental data Vub ∼= 0.0029 ∼ 0.0045[52]. The prediction for Vts and Vtd also
agree fairly well with the experimental estimates from the assumed unitarity of V ,
Vts ∼= 0.037 ∼ 0.043 and Vtd ∼= 0.0048 ∼ 0.014[52]. To sum up, we have succeeded in
predicting all the magnitudes of the CKM matrix elements except for a single element,
say, Vus.
For the last two decades, we have been trying to complete an ambitious program for
explaining all the quark and lepton masses by deriving many sum rules and/or relations
among them and by solving a complete set of the sum rules and relations[58]. By taking
the first generation of quarks and leptons as almost Nambu-Goldstone fermions due
to spontaneous breakdown of approximate supersymmetry between a wakem and a
chrom[59], and the second generation of them as quasi Nambu-Goldstone fermions,
the superpartners of the Nambu-Goldstone bosons due to spontaneous breakdown of
approximate global symmetry[60], we have not only explained the hierarchy of quark
and lepton masses,
me ≪ mµ ≪ mτ , mu ≪ mc ≪ mt, md ≪ ms ≪ mb,
but also obtained the square-root sum rules for quark and lepton masses[61],
m1/2e = m
1/2
d −m1/2u
and
m1/2µ −m1/2e = m1/2s −m1/2d ,
and the simple relations among quark and lepton masses[62],
mem
2
τ = m
3
µ
and
mum
3
sm
2
t = mdm
3
cm
2
b ,
all of which are remarkably well satisfied by the experimental values and estimates.
By solving a set of these two sum rules and two relations, we can obtain the following
predictions:

me mµ mτ
mu mc mt
md ms mb

 =
11


0.511MeV(input) 105.7MeV(input) 1520MeV(1776.99+0.29
−0.26
MeV )
4.5± 1.4MeV(input) 1350± 50MeV(input) 183± 78GeV(178.0±4.3GeV )
8.0± 1.9MeV(7.9±2.4MeV ) 154± 8MeV(155±50MeV ) 5.3± 0.1GeV(input)


where the “inputs” and the values indicated in the parentheses denote either the exper-
imental data[52] or the phenomenological estimates[63], to which our predicted values
should be compared. Furthermore, if we solve a set of these two sum rules and two
relations, and the other two sum rules obtained in the unified composite model of the
Nambu-Jona-Lasinio type[64] for all fundamental particles and forces[48],
mW = (3 < m
2
q,l >)
1/2
and
MH = 2(
∑
m4q,l/
∑
m2q,l)
1/2,
where mq,l’s are the quark and lepton masses and <> denotes the average value for all
the quarks and leptons, we can predict not only the four quarks and/or lepton masses
such as md, ms, mt, and mτ as above but also the Higgs scalar and weak boson masses
as
mH ∼= 2mt = 366± 156GeV
and
mW ∼=
√
3/8mt = 112± 24GeV,
which should be compared to the experimental value of mW = 80.423± 0.039GeV [52].
Recently, I have been puzzled by the “new Nambu’s empirical quark-mass formula”
of M = 2nM0 with his assignment of n = 0, 1, 5, 8, 10, 15 for u, d, s, c, b, t[65], which
makes my relation of mum
3
sm
2
t = mdm
3
cm
2
b exactly hold. More recently, I have been
more puzzled by the relations of mumb ∼= m2s and mdmt ∼= m2c suggested by Davidson,
Schwartz, and Wali(D-S-W)[66], which can coexist with my relation and which are
exactly satisfied by the Nambu’s assignment. If we add the D-S-W relations to a set
of our two sum rules, our two relations, and our sum rule for mW and if we solve a
set of these seven equations by taking the experimental values of me = 0.511MeV ,
mµ = 105.7MeV , and mW = 80.4GeV as inputs, we can find the quark and lepton
mass matrix of

0.511MeV(input) 105.7MeV(input) 1520MeV(1776.99+0.29
−0.26
MeV )
3.8MeV(4.5±1.4MeV ) 970MeV(1350±50MeV ) 131.3± 0.2GeV(178.0±4.3GeV )
7.2MeV(8.0±1.9MeV ) 150MeV(155±50MeV ) 5.9GeV(5.3±0.1GeV )


where an agreement between the calculated values and the experimental data or the
phenomenological estimates looks reasonable. This result may be taken as one of the
most elaborated “modern developments in elementary particle physics”. To sum up,
we have succeeded in explaining and predicting most of the properties (masses and
mixing angles) of quarks and leptons in the unified supersymmetric composite model.
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Now I am ready to discuss the main subject in this talk: new forms of quark-
leptonic matter such as exotic quarks, leptons, and gauge bosons. Among “meson-like
states” of subquarks, not only the leptogluon G0(= C
0
C0), barygluon G9(= C iCi),
and vector leptoquarks Xi(= C0Ci), but also the scalar gluons, scalar leptogluon,
scalar barygluon, and scalar leptoquarks Φαβ(= CαCβ) are all exotic since they are
not familiar fundamental particles accomodated in the standard model. The masses of
these exotic gauge bosons may be generated by spontaneous breakdown of the SU(4)c
symmetry. In the unified composite model of quark-lepton color interactions proposed
by myself[67], the SU(4)c transmuted from SU(4)sc[68] is spontaneously broken down
to SU(3)c due to the condensation of C0C0 (< C0C0 >= (V/
√
2)2 6= 0) and the B-L
gluon GB−L[= C i(λ
15/2)ijCj] becomes
√
3/2 times heavier than the vector leptoquarks
Xi (whose mass is given by fV/2 where f is the gluon couping constant). Since the
presently available lower bound on the X mass is mX ≥ 290GeV [52], the GB−L mass
in this model can be bounded by mGB−L ≥ 355GeV . Since the gluon coupling constant
f is determined by f = (4παs)
1/2 ∼= 1.2 (for the renormalization point at m2Z), the
vacuum expectation value V can be bounded as V = mX/f ≥ 0.5TeV . This lower
bound on V seems to be consistent with the expectation that the energy scale of QSCD,
ΛSC , must be much higher, say, ΛSC ≥ 1TeV , than that of QCD, ΛC (∼= 0.2GeV [52]).
In short, the physical G-L gluon should appear as a neutral, color-singlet, but strongly
interacting vector boson which is
√
3/2 times heavier than the vector leptoqauarks and
which couples universally with the B-L current of quarks and leptons. This mixture of
the leptogluon and barygluon, if exists, may look like the source of every matter as it
decays strongly into all matter-antimatter pairs. In any case, we expect that all these
exotic gauge bosons and Higgs scalars must be much heavier than the ordinary weak
bosons (W± and Z) and Higgs scalars(H ’s).
More exotic are “baryon-like states” of subquarks. They are subcolor-singlet states
of four subquarks including 1) “weak balls” of (wiwjwkwl), 2) “pseudo-quarks or
pseudo-leptons” of (wiwjwkCα), 3) “pseudo-leptoquarks”of (wiwjCαCβ), 4) “quasi-
quarks or quasi-leptons” of (wiCαCβCγ), and 5) “color-balls of (CαCβCγCδ)[5], where
i, j, k, l = 1, 2 and α, β, γ, δ = 0, 1, 2, 3. The neutral weak ball of ǫABCDw
↑A
1 w
↓B
1 w
↑C
2 w
↓D
2
(where the subcolor indices A,B,C,D = 1, 2, 3, 4), if any although such composite
with all w′s in the s-states cannot exist as it violates the Fermi statistics, may be
very exotic since it has only the weak van der Waals force with other weak balls.
Since its mass must be as large as ΛSC(≥ 1TeV ), it can be a good candidate for the
WIMP (weakly interacting massive particle) responsible for the missing mass in the
Universe. Both the pseudo-quarks or pseudo-leptons and quasi-quarks or quasi-leptons
of ǫABCDw
↑A
1 w
↓B
2 w
↑↓C
i C
D
α and ǫABCDǫαβγw
A
i C
B
α C
C
β C
D
γ , if any, may look as if they were
heavy quarks or leptons having the same properties as ordinary quarks or leptons ex-
cept for their masses of the order of ΛSC, say, 1TeV . They can be taken as the mirror
states of quarks and leptons. The pseudo-leptoquarks of ǫABCDw
A
i w
B
j C
C
αC
D
β , if any
although such composites with the identical C ′s (α = β = 0, 1, 2, 3) at the s-state
cannot exist because of the Bose statistics, may look like vector leptoquarks having the
baryon and/or lepton numbers. They can be taken as another source of the baryon
and lepton number asymmetry in the Universe.
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The most exotic is the scalar color-ball of ǫABCDǫαβγδC
A
αC
B
β C
C
γ C
D
δ . It is not only
neutral electromagnetically but also neutral weakly, but it has strong interactions with
any hadrons due to the van der Waals force of the (C1C2C3) content as a baryon, a color
singlet state of three quarks (q1q2q3), has strong interactions with any other hadrons. It
may be called “primitive hydrogen” since it consists of the “leptonic subquark”, C0, and
“primitive baryon”, (C1C2C3). Since it has both the baryon and lepton numbers, it can
be taken another source of the baryon and lepton number asymmetry in the Universe.
Also, since its mass may be as large as ΛSC(≥ 1TeV ), since its size may be as small as
1/Λsc(≤ 1/1TeV ), and since it may be absolutely stable because of baryon and lepton
number conservations, it can be another good candidate for a particle resposible for
the missing mass in the Universe.
In 1999, I suggested that the Pomeron whose exchange is dominating high-energy
hadron-hadron scatterings is also another type of color-ball, the color-singlet complex
object consisting of an arbitrary number of gluons[5]. It is an extreme form of glueballs
in a generic sense in comparison with glueballs in a narrow sense, the color-singlet
bound states consisting of two gluons, and “odderons”, the color-singlet bound states
consisting of three gluons. It seems very difficult to describe such complex objects
in quantum field theory and to evaluate their effects on hadron scatterings. In fact,
Meng, Rittel, Zhang, and company[69] have adopted a statistical approach based on
the formulation of complex systems by Bak, Tang, and Wiesenfeld[70] in describing
the “color-singlet gluon clusters” with “self-organized criticality” and used an optical-
geometrical method in examining the space-time properties of such objects. Here,
however, let me discuss how to describe color-balls in an ordinary particle-theoretical
way.
In 1978, Nambu and, independently, Tetsuaki Matsumoto showed that, if a meson
can be described by the path-ordered phase factor sandwiched between a quark and
an antiquark in QCD and if the gluon flux is bunched along the path when quarks
are largely seperated, the meson can be approximated by the Nambu-Goto massless
string with quarks at their end points[71]. It was the first field-theoretical demon-
stration in which the Nambu-Susskind hadronic string is realized in QCD. From their
demonstration for the realization of hadronic strings it seems natural to imagine that,
if the gluon flux is not bunched but diversed along the path between quarks, it can be
approximated by a “hadronic (two-dimensional) membrane” or better by a “hadronic
(three-dimensional) bundle”. In either case, the color-ball can be approximately de-
scribed by the extended Nambu-Goto action of
SNG = − 1
2πα′
∫
dnσ[−det(gµν∂αXµ∂βXν)]1/2F−(n−2)/2
or by the extended Polyakov action of
SP = − 1
2πα′
∫
dnσ
√−h(1
2
hαβgµν∂αX
µ∂βX
ν − n− 2
2
F ),
where σα(α = 0, 1, ..., n− 1) and Xµ(µ = 0, 1, 2, 3) are the world-sheet parameters and
the space-time coordinates of the hadronic membrane for n = 3 or the hadronic bundle
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for n = 4, respectively, gµν = diag(−1, 1, 1, 1), h = dethαβ , and α′ and F are constants.
To proceed further for evaluating the effects of color-balls on hadron scatterings in
this model seems very difficult since it would inevitably make us be involved in some
mathematical complexity. However, in this picture of the Pomeron as a color-ball we
may be able to understand the following properties of the Pomeron found in hadron
scatterings at high energies without any manipulations: 1) The Pomeron cannot be
taken as a simple Regge pole but a hadronic membrane or bundle, which is an ex-
tension of the Nambu-Susskind hadronic string, or a linear combination of an infinite
number of Regge poles and Regge cuts, which revives the Freund-Harari hadron dual-
ity. 2) The slope of the Pomeron trajectory α′P is much smaller than that of a ordinary
Regge trajectory α′R, i.e. α
′
P ∼ (1/4)α′R, since the “membrane or bundle tension” is
much larger than the string tension. 3) The Pomeron couplings are universal to any
flavors of quarks (and antiquarks) and, therefore, their factorizability holds since color-
balls are not only color-blind but also flavor-insensitive. The experimental fact that the
Pomeron intercept is larger than unity, i.e. αP (0) > 1, seems to be very dynamical and
cannot be explained intuitively even in this picture of the Pomeron. I wish to empha-
size the importance of not only further theoretical works but also further experimental
investigations on the real picture of the Pomeron by checking various things including
the ever increasing total, elastic, and diffractive cross sections, the universality and
factorizability such as the now classic relations of σ(pp) ∼= σ(pp), σ(πp) ∼= (2/3)σ(pp),
and σ(γγ → hadrons) ∼= σ(γp → hadrons)2/σ(pp)[72] and the triple- Pomeron and
Pomeron-Reggeon-Reggeon vertices based on the Brandt-Preparata and Mueller dia-
grams in hadron-hadron, photon (gauge-boson)-hadron, and (hadronic) photon (gauge-
boson)-photon (gauge-boson) scatterings at high energies[73]. After all, they will even-
tually clarify one of the most fundamental problems in high energy physics, the origin
of finite and non-vanishing hadron sizes. In concluding this Section, I also wish to
emphasize the similarity of the color-ball consisting of chroms and that of gluons in
which they are not only electrically neutral but also weakly neutral but strongly in-
teracting with any hadrons. They differ from one the other at the points that the
former may be stable thanks to baryon and lepton number conservation while the lat-
ter strongly decays into hadrons and that the former must be much heavier (whose
mass ∼ ΛSC ≥ 1TeV ) and much smaller (whose size ∼ 1/ΛSC ≤ 1/1TeV ) than the
latter (whose mass ∼ ΛC ∼= 0.2GeV and whose size ∼ 1/ΛC ∼= 10−13cm).
In this and the previous Sections, I have discussed exotic forms of matter including
an exotic form of atomic matter such as carbon nanofoams, the one of nuclear matter
such as super-hypernulei and strange stars, the one of hadronic matter such as pen-
taquarks, and the one of quark-leptonic matter such as color-balls. I have introduced
the Lagrangian models for these exotic molecules, exotic nuclei, exotic hadrons, and ex-
otic quarks, leptons, and gauge bosons in quantum mechanics, in non-relativistic quan-
tum mechanics, in relativistic quantum field theory and in general relativistic quantum
“bundle”theory, respectively. In order to find all the properties of these exotic forms
theoretically, they all have similar complexity, the few-body problem, which seems to
require much more elaborated studies in the future. Practically, carbon nanofoams
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seem to have very promising future as rosy as carbon nanotubes. As for exotic nu-
clear matter, the possible direct production of super-hypernuclei such as hexalambdas
is highly desirable in the future RHIC experiments while the more detailed observa-
tion of strange star candidates can be expected in the near future. Also, not only
experimental searches for exotic baryons such as pentaquarks but also those for exotic
mesons[45,74] should be extensively continued so that the “first observation” of Θ+
may be confirmed. In concluding this Section, I wish to emphasize that an experimen-
tal search for color-balls of gluons is as important as that for Higgs scalars since the
former are the origin of hadron sizes while the latter are the origin of quark, lepton,
and gauge-boson masses and that an experimental search for color-balls of chroms is
even more important since they are the origin of matter!
VI. Dark Matter and Energy
In this Section, I am going to discuss the relations of these exotic forms of matter
to current problems in cosmo-particle physics such as dark matter and energy. Before
discussing exotic matter as a cadidate for dark matter in the Universe, let me briefly
discuss ordinary matter such as neutrinos, neutralinos, and white dwarfs.
In 1998, the Super-Kamiokande Collaboration[75] reported the discovery of neutrino
oscillation, which indicates not only the violation of lepton-number conservation[76] but
also the non-vanishing mass of at least one of neutrinos. Recently, it has been almost
confirmed not only by the K2K Collaboration[77] but also by the SNO Collabora-
tion[78]. Also, in 2000, the DONUT Collaboration[79] established the existence of the
tau neutrino. Combining these great discoveries together with the other experimental
observations such as solar and atmospheric neutrino deficits[80], we expect that the
electron, muon, and tau neutrino masses are all small and less than a few eV even
if they are non-vanishing[81]. Therefore, the non-vanishing masses of neutrinos can-
not account for the “missing mass” in the Universe unless there were another heavier
neutrino.
In 1999, the DAMA Collaboration[82] reported the possible discovery of a weekly
interacting massive object (WIMP) although it has not been confirmed by the other
experimental groups. Also, in 2001, the Muon (g-2) Collaboration[83] reported the
possible discrepancy between their new experimental value of the muon g-2 and the
current theoretical one from the standard model. Although both of these once-claimed
anomalies had often been taken as first indications of the super-particles predicted in
supersymmetric theories[50], it seemed to me too early to decide what would cause
them since it could be anything even if they had been real. Therefore, it is much too
early to claim that neutralinos can account for the “missing mass” in the Universe.
On the other hand, many astronomical observations[84] have recently indicated that
the previously undetected white dwarfs may make up a substantial fraction of the “dark
matter” in the Universe. It may not be too early to accept the most natural expectation
that the “missing mass” in the Universe mostly consists of the ordinary matter of
baryons, in the forms of white (and brown) dwarfs and neutron stars[85], in the exotic
forms of strange stars[4], “technibaryonic nuclear stars”[12], and “color-balled nuclear
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stars”[5,18], or in the form of black holes[86]. In fact, a recent study of the galaxy
cluster Abell 2029 using the Chandra Observatory agrees with the predictions of cold
dark matter and is contrary to other dark matter models[87]. Recently, Paczyn´ski and
Haensel have proposed that gamma-ray bursts, whose origins have foxed astronomers
for decades, might be the signatures of elusive “quark stars”[88], the exotic form of
ultra-dense neutron stars and strange stars. More recently, Minchin et al.[89] have
suggested that VIRGOHI21, the HI source detected in the Virgo Cluster survey of
Daies et al.[90], is a dark halo which does not contain the expected bright galaxy and
that further sensitive surveys might turn up a significant number of the dark matter
halos predicted by dark matter models. Thus, the “dark matter” would not be a serious
problem compared to the “dark energy”, i.e. the cosmological constant.
Concerning the “dark energy” whose existense was discovered by the Supernova
Cosmology Project and the High-Z supernova Search Team in 1998[91], I proposed a
possible explanation for it in 1999[92]. I have suggested that the “cosmological con-
stant” is not a fundamental constant but an effective quantity as induced dynamically,
for example, by quantum fluctuations of matter as in pregeometric theories of grav-
itation[93]. In fact, over two decades ago, we showed that not only the Newtonian
gravitational constant but also the Einstein cosmological constant as well as all the
gauge and Higgs coupling constants in the standard model of quarks and leptons can
be taken as effective quantities induced by quantum fluctuations of matter[94] in the
unified composite model (or “pregauge and pregeometric theory”) of all fundamental
particles and forces including gravity[95]. If this is the case, neither G nor Λ may be a
constant at all, but both of them may vary depending on the situation or environment
as functions of space-time, temperature, presure, etc.. In fact, over six decades ago,
Dirac[96] pointed out such an astonishing possibility of the time dependent Newtonian
gravitational “constant”and, recently, many authors including Vilenkin and Starobin-
sky[97] have discussed such possibility of the variable cosmological term in order to
solve the dark energy problem. If the cosmological “constant” is not a constant but a
variable, there is a no chance for it to always vanish. Therefore, it seems very natural
to suppose that the cosmological constant had happened to be non-vanishing at the
beginning of our Universe and that it has never vanished. I have also propose a simple
model of our Universe. Define the critical mass-energy density ρc, “pressureless-matter-
density” ΩM , “scaled cosmological constant” ΩΛ, and “acceleration parameter” A by
ρc = 3H
2/8πG, ΩM = ρ/ρc = 8πGρ/3H
2, ΩΛ = Λ/3H
2, and A = ad2a/dt2/(da/dt)2,
where a is the cosmological scale parameter in the Friedmann model of the Universe
based on the “cosmological priciple” of large-scale homogeneity and isotropy consisting
of the Friedmann-Robertson-Walker metric of
ds2 = dt2 − a(t)2[ dr
2
1− κr2 + r
2(dθ2 + sin2θdφ2)],
with κ = +1, 0, or − 1 for the closed, flat, or open Universe. Then, the simple model
of our Universe is given by κ = 0 and (ΩM ,ΩΛ, A) = (0, 1, 1) for the early inflationary
era, (1/3, 2/3, 1/3) for the radiation dominated era, or (1/3, 2/3, 1/2) for the matter-
dominated era. This model, which seems to simulate our Universe, suggests that there
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must be another “phase transition” in which ΩΛ changed from 1 to 2/3 in between the
early inflationary era and the radiation-dominated era.
Among the recent remarkable cosmological observations, I have been first impressed
by the recent observation of the “farthest supernova ever seen” by Hubble Space
Telescope[98]. “This supernova shows us the universe is behaving like a driver who
slows down approaching a red stoplight and then hits the accelerator when the light
turns green.” Secondly, note that our model of the Universe is also consistent with
the recent measurement of the cosmological mass density from clustering in the Two-
Degree-Field Galaxy Redshift Survey[99] which strongly favors a low density Universe
with ΩM ∼= 0.3. Thirdly, the CBI Collaboration[100] has found ΩΛ = 0.64+0.11−0.14 and
ΩM +ΩΛ = 0.99± 0.12. Finally, the Wilkinson Microwave Anisotropy Probe(WMAP)
team[101] has found: 1) the first generation of stars to shine in the Universe first ig-
nited only 200 million years after the Big Bang, 2) the age of the Universe is 13.7±0.2
billion years old, and 3) ΩM = 0.27 ± 0.04 and ΩΛ = 0.73 ± 0.04. Note that all these
observations are well described by the simple model of our Universe.
Recently, from the observation of γ rays from the Crab nebula, Jacobson et al.[102]
have essentially ruled out the possible violation of Lorentz invariance at Planck ener-
gies or below, at least under certain dynamical assumptions in quantum gravity[103].
Almost simultaneously, from laboratory experiments, Meyers and Pospelov[104] have
placed constraints on Lorentz violation that are not quite as strong but are even beyond
the Planck scale! Therefore, let me conclude this Section by adding that cosmo-particle
physics now seems to be evolving into pregeometry[105] or even into prephysics[106]
in which such sacred principles in physics as quantum and relativity ones are to be
questioned or to be explained from more fundamental principles.
VII. Conclusion and Future Prospects
In this talk, I have discussed exotic forms of matter such as exotic molecules, exotic
nuclei and strange stars, exotic mesons and baryons, exotic quarks, leptons, and gauge
bosons, etc., and their relations to current problems in cosmo-particle physics such as
dark matter and energy. In this concluding Section, let me discuss new trends and
future prospects in high energy physics and cosmology (or cosmo-particle physics).
As for exotic nuclei, as I duscussed in Section III, super-hypernuclei or strangelets[4]
seem to have been found in the cosmic-ray experiments[10,16,17] and candidates for
strange stars have been found abundantly[21-24]. Futhermore, one can expect that
future RHIC and LHC experiments will be able to produce such exotic nuclei and that
future astronomical observations will find much more candidates for such exotic stars.
As for exotic hadrons, “the elusive pentaquark may be about to disappear” and
“mystery deepens as pentaquarks refuse to make an appearance”[3]. In comparison, as
I emphasized in Sections IV and V, exotic mesons have appeared abundantly and more
will appear in the near future, serving us for better understanding of quark and gluon
dynamics[45,74]. However, it seems more urgent to study the exotic form of quarks
and gluons called “color-ball matter” “quark-gluon liquid”, or “liquidlike quark-gluon
plasma”[5] both experimentally and theoretically as the recent RHIC experiments dis-
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covered a new state of matter not seen since the first moments after the big bang[107].
“After years of running, RHIC scientists certainly saw something new[108]. Jets of
particles flying away from the collision seemed to be moving through a group of hard
protons and neutrons as would ordinarily be the case. Futhermore, after the collision,
the system behaved like an expanding puddle of fluid rather than a swarm of parti-
cles”. “It’s a ideal liquid ... with essentially no viscosity”. “It is as perfect a fluid
as calculations would allow”. Therfore, it seems that future prospects of high-energy
nuclear, hadron, and particle physics may be concentrated into a deep understanding
of a single object of color-ball, the origin of strong interactions!
As for exotic quarks, leptons, and gauge bosons, as I discussed in Sections III,
IV, and V, color-balls[5] may have been already found in the anomalous cosmic-ray
events[5,10,16.17] or appear always as Pomerons in high-energy particle collisions.
In addition, one can expect that future HERA, Tevatron, RHIC, LHC, and ILC(or
TESLA) experiments will be able to produce not only naked color-balls but also exotic
or exited quarks, leptons, gauge bosons(including leptogluon, barygluon, and lepto-
quarks), and Higgs scalars, any one of which will indicate a long-sought direct evidence
for the substructure of quarks, leptons, gauge bosons, and Higgs scalars. Such an
exciting discovery in the future would necessarily make us convinced that the uni-
fied composite model of all fundamental particles and forces[1] be the final theory in
physics!
As for dark matter, as I emphasized in Section VI, there are so many candidates
for it including white(and brown) dwarfs, “quark stars”[88] (including ultra-dense neu-
tron stars, strange stars[4], technibaryonic nuclear stars[12], and color-balled nuclear
stars[5,18]), and black holes[86] that one may not need to assume any WIMPs(weakly
interacting massive particles) such as massive neutrinos or massive neutralinos[87].
This will be the case if future experimental searches for the WIMPs continue to fail to
find any candidates. It will, then, not be a problem at all. In fact, the recently observed
dark halo, VIRGOHI21, does not seem to consist of anything exotic[89]. Neither will
dark energy be a problem, as I discussed in Section VI, if it is induced by the quantum
fluctuations of matter in the vacuum as in pregeometric theories of gravitation[93,105]
and if it is not a constant but may vary as the other fundamental physical constants
such as the fine-structure and gravitational constants in pregaugeometric theories of
all fundamental forces[94,95,105]!
Recently, I have proposed a theory of special inconstancy[109] in which some fun-
damental physical constants such as the fine-structure and gravitational constants may
vary in pregaugeometry[105]. In the theory, the alpha-G relation of
α = 3π/[16 ln(4π/5GM2W )]
between the varying fine-structure and gravitational constants (whereMW is the charged
weak boson mass) is derived from the hypothesis that both of these constants are
related to the same fundamental length scale in nature. Furthermore, it leads to
the prediction of α˙/α = (−0.8 ± 2.5) × 10−14yr−1 from the most precise limit of
G˙/G = (−0.6 ± 2.0) × 10−12yr−1 by Thorsett[110], which is not only consistent with
the recent observation of α˙/α = (0.5 ± 0.5) × 10−14yr−1 by Webb et al.[111] but also
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feasible for future experimental tests. In special inconstancy, I have also explained the
past and present of the Universe and predicted the future of it, which is quite different
from that in the Einstein theory of gravitation.
In the principle of special inconstancy, we do not assert that physical constants
may vary as a function of time but do that they may vary in general, depending on
any parameters including the cosmological time, temperature, etc.. What is the origin
of varying the physical constants? The answer to this question may be related to
the answer to another fundamental question: What is the origin of the fundamental
length scale Λ−1 in nature? It can be spontaneous breakdown of scale-invariance in
the Universe, which has been proposed by myself[112] for the last quarter century. It
can be the natural, dynamical, automatic, a priori, but somewhat “wishful-thinking”
cut-off at around the Planck length G1/2 where gravity would become as strong as
electromagnetism, which was suggested by Landau in 1955[113]. It can also be due
to the Kaluza-Klein extra dimension[114], which is supposed to be compactified at an
extremely small length scale of the order of G1/2 or at a relatively large length scale
of the order of 1/TeV recently emphasized by Arkani-Hamed et al.[115]. It seems,
however, the most natural and likely that the origin of the fundamental length comes
from the substructure of fundamental particles including quarks, leptons, gauge bosons,
Higgs scalars, etc.[1]. In the unified composite model of all fundamental particles
and forces[1], the fundamental energy scale Λ in pregaugeometry can be related to
some even more fundamental parameters such as the masses of subquarks, the more
fundamental constituents of quarks and leptons, and the energy scale in quantum
subchromodynamics, the more fundamental dynamics confining subquarks into a quark
or a lepton. In either way, the fundamental length scale Λ−1 can be identified with the
size of quarks and leptons, the fundamental particles.
The space-time with such natural cut-off of Λ−1 would look exotic not only at
short distances of the order of the Planck length G1/2 but also at long distances of the
order of the Hubble parameter inverse H−1. In fact, very recently, Aurich et al.[116]
have pointed out that the WMAP data[101] is consistent with the Picard model for
a closed Universe[117]. Having too much freedom with varying fundamental physical
constants and having too little knowledge on the past and present of the Universe,
we can predict anything we want or we cannot predict anything definite about the
future of the Universe! All I can foresee is that cosmo-particle physics may be evolved
through cosmo-particle chemistry into cosmo-particle biology since we, human-beings,
seem to be most interested in the following three questions: “Where do we come from?”,
“Where are we now?”, “Where are we going (to)?”.
20
Acknowledgements
The author would like to thank Professor L.L.Jenkovszky and the other organiz-
ers for inviting him to this International Conference on New Trends in High-Energy
Physics, Yalta, Crimea(Ukraine), September 10-17, 2005, and for their warm hospitality
extended to him during his stay in Crimea. This talk has been dedicated to Professor
Hans A. Bethe, the late founder of nuclear physics and astronomy, from whom he had
learned not only how to live in this wonderful physical society in the world but also
how to survive in this awful nuclear age on the earth and in the space during his stay
as instructor-research associate in Laboratory of Nuclear Studies, Cornell University
from 1969 to 1971.
References
[1] For a classical review on composite models of quarks and leptons, see, for ex-
ample, H.Terazawa, in Proc. 22nd International Conf. on High Energy
Physics, Leipzig, 1984, edited by A.Meyer and E.Wieczorek (Akademie der
Wissenschaften der DDR, Zeuten, 1984), Vol.I, p.63. For a latest review, see,
for example, H.Terazawa, in Proc. International Conf. “New Trends in
High-Energy Physics”, Alushta, Crimea, 2003, edited by P.N.Bogolyubov,
L.L.Jenkovszky, and V.K.Magas (Bogolyubov Institute for Theoretical Physics,
Kiev, 2003), Ukrainian J. Phys. 48, 1292(2003).
[2] For a recent brief review on carbon nanofoams, see, for example, J.Giles, nature sci-
ence update, 23 March 2004, http://www.nature.com/nsu/040322/040322-5.html.
See also E.D.Minot et al., Nature 428, 536(2004). For a recent field-theoretical
description of carbon nanotubes, see K.Sasaki, Phys.Rev.D 65, 155429(2002).
[3] For the prediction of a baryon with JP = 1/2+, I = 0, and S = +1 at m =
1530MeV in the chiral soloton model, see D.Diakonov, V.Petrov, and M.Polyakov,
Z.Phys. A359, 305(1997). For the first experimental evidence for Θ+(B = 1, JP =
1/2+, I = 0, S = +1) (pentaquark?) at m = 1.54 ± 0.01GeV , see T.Nakano et
al.(LEPS Collaboration), Phys.Rev.Lett. 91, 012002(2003), and for Θ+ at m =
1539 ± 2MeV , see V.V.Barmin et al.(DIANA Collaboration), Phys.Atom.Nucl.
66, 1715(2003); Yad.Fiz. 66, 1763(2003). For a latest theoretical review of
pentaquarks, see, for example, S.-L.Zhu, Int.J.Mod.Phys.A19, 3439(2004). For
a latest critical review on the evidence, see, for example, J.Pochodzalla,
hep-ex/0406077, 28 Jun 2004. See also K.Hicks, Int.J.Mod.Phys.A20, 219(2005),
J.Phys.Conf.Ser.9, 183(2005), hep-ex/0501018, hep-ex/0504027, hep-ex/0504028;
A.R.Dzierba et al., hep-ex/0412077; and S.Kabana, J.Phys.G31, S1155(2005),
AIP Conf.Proc.756, 195(2005). More recent searches for Θ+ by ALEPH, DEL-
PHI, and L3 experiments in e+ − e− annihilations and two-photon collisions
at LEP have observed no significant signal. For the review, see S.R.Armstrong,
Nucl.Phys.Proc.Suppl.142, 364(2005). Also, more recent results from H1, ZEUS,
21
HERMES, HERA-B on searches for exotic baryons in ep collisions, eD scatter-
ingg, and eA scattering at HERA are reviewed in M.Vazquez, Acta Phys.Slov.55,
109(2005), in which evidence for the production of the strange pentaquark Θ+ and
of a narrow anti-charmed baryon decaying to D∗−p together with negative results
of pentaquark searches at HERA are presented. See also the review, K.Stenson,
hep-ex/0412021 7 Dec 2004, reporting that the FOCUS Collaboration at Fer-
milab has found no evidence for high-energy photoproduction of pentaquarks at
1540MeV, 1862MeV, or 3099MeV. Very lately, the g11 experiment at the CLAS
detector has almost excluded Θ+ in the reaction of γp→ Θ+K0. For the latest brief
reviews, see C.Seife, Science Vol.383, 22 April 2005, p.478; CERN Courier, June
2005, p.7. Also, the latest searches for the Θ(1540)+, Ξ5(1860)
−−, and Ξ5(1860)
0
pentaquarks by the BABAR and Belle Collaborations have found no evidence. See
B.Aubert et al.(BABAR Collaboration), Phys.Rev.Lett. 95, 042002(2005); K.Abe
et al.(Belle Collaboration), hep-ex/0507014, 4 Jul 2005.
[4] For the prediction of a super-hypernucleus, Hλ (hexalambda), with B = 6 and
S = −6 at m ∼= 5.6 ∼ 6.3GeV in the MIT bag model and at m ∼= 7.0GeV in the
quark-shell model, see H.Terazawa, INS-Report-336 (INS, Univ. of Tokyo) May,
1979; J.Phys.Soc.Jpn. 58, 3555(1989); 58, 4388(1989); 59, 1199(1990). For a re-
cent review on super-hypernuclei and strange stars, see, for example, H.Terazawa,
in Proc. 2nd Conf. on Nuclear and Particle Physics, Cairo, 1999, edited
by N.M.H.Comsan and K.M.Hanna (Nuclear Research Center, Atomic Energy
Authority, Cairo, 2000), p.28.
[5] For reviews on color-balls, see for example, H.Terazawa, in Ref.[1]; in Proc. In-
ternational Conf. (VIIIth ‘Blois Workshop’) on Elastic and Diffractive
Scattering, Protvino, 1999, edited by V.A.Petrov and A.Prokdin (World Sci-
entific, Singapore, 2000), p.153; in Proc. IX Annual Seminar “Nonlinear
Phenomena in Complex Systems ”, Minsk, 2000, edited by V.I.Kuvshinov et
al. (Institute of Physics, National Academy of Sciences of Belarus, Minsk, 2000),
Nonlin. Phenom.Complex Syst. 3:3, 293(2000). Very recently, Hooper et al. have
pointed out that the observed 511keV emission from the galactic bulge by INTE-
GRAL (International Gamma-Ray Astrophysics Laboratory), and previously by
Compton Gamma-Ray Observatory, could be due to very light (1-100MeV) anni-
hilating dark matter particles. It can be taken as the first observation of very light
color-balls. See D. Hooper et al., Phys.Rev.Lett. 93, 161302(2004). For related
works, see C.Boehm et al., Phys.Rev.Lett. 92, 101301(2004); C.Picciotto and
M.Pospelov, Phys.Lett. B605, 15(2005); D.Hooper and L.T.Wang, Phys.Rev.D
70, 063506(2004); M.Casse et al., astro-ph/0404490. See also D.H.Oaknin and
A.R.Zhitnitsky, Phys.Rev.Lett. 94, 101301(2005), in which they discuss the pos-
sibility that it can be naturally explained by the supermassive very dense droplets
(strangelets) of dark matter.
[6] S.A.Chin and A.K.Kerman, Phys.Rev.Lett. 43, 1292(1979).
[7] E.Witten, Phys.Rev.D 30, 272(1984).
22
[8] E.Farhi and R.L.Jaffe, Phys.Rev. 30, 2379(1984); 32, 2452(1985).
[9] A.Chodos, R.L.Jaffe, K.Johnson, C.B.Thorn, and V.F.Weisskopf, Phys.Rev.D
9, 3471(1974); A.Chodos, R.L.Jaffe, K.Johnson, and C.B.Thorn, ibid. 10,
2599(1974); T.DeGrand, R.L.Jaffe, K.Johnson, and J.Kiskis, ibid. 12, 2060(1975);
R.L.Jaffe, ibid. 15, 267, 281(1977). For the prediction of a stable “di-lambda”, H,
in the MIT bag model, see R.L.Jaffe, Phys.Rev.Lett. 38, 195, 617(E)(1977).
[10] T.Saito, Y.Hatano, Y.Fukuda, and H.Oda, Phys.Rev.Lett. 65, 2094(1990). For
reviews, see, for example, K.Mori and T.Saito, in Proc. 24th International
Cosmic Ray Conference, Rome, 1995 (Rome, 1995), Vol. 11, p.878; T.Saito,
ibid., Vol. 11, p.898.
[11] H.Terazawa, J.Phys.Soc.Jpn. 60, 1848(1991).
[12] H.Terazawa, J.Phys.Soc.Jpn. 62, 1415(1993).
[13] S.Weinberg, Phys.Rev.D 19, 1277(1979); L.Susskind, ibid. 20, 2619(1979). For
the earlier related proposal, see M.A.B.Be´g and A.Sirlin, Ann.Rev.Nucl.Sci. 24,
379(1974).
[14] See, for example, E.Farhi and L.Susskind, Phys.Rep. 74, 277(1981).
[15] H.Terazawa, Phys.Rev.Lett. 65, 823(1990). For the earlier works on the PCDC
sum rule later leading to the QCD sum rule in a generic sense, see also H.Terazawa,
Phys.Rev.Lett. 32, 694(1974); Phys.Rev.D 9, 1335(1974); 11, 49(1975): 12,
1506(1975).
[16] P.B.Price et al., Phys.Rev.Lett. 35, 487(1975); Phys.Rev.D 18, 1382(1978).
[17] M.Ichimura et al., Nuovo Cimento A106, 843(1993).
[18] H.Terazawa, J.Phys.Soc.Jpn. 69, 2825(2000); in Proc. IX Annual Seminar
“Nonlinear Phenomena in Complex Systems”, Minsk, 2000, edited by
L.Babichev and V.Kuvshinov (Institute of Physics, National Academy of Sciences
of Belarus, Minsk, 2000), Nonlin.Phenom.Complex Syst. 9, 280(2000).
[19] G.’t Hooft, in Recent Developments in Gauge Theories, edited by G.’t Hooft
(Plenum, New York, 1980), p.135; H.Terazawa, Prog.Thor.Phys. 64, 1763(1980).
[20] A,R.Bodmer, Phys.Rev.D 4, 1601(1971). For a classical review, see, for example,
F.Weber, Ch.Schaab, M.K.Weigel, and N.K.Glendenning, Report No, LBL-37264,
UC-413 (LBL, Berkeley, 1995), in Proc. Ringberg Workshop, Tegernsee, Ger-
many, 1995. For a latest review, see, for example, H.Terazawa, in Ref.[4].
[21] K.S.Chen, Z.G.Dai, D.M.Wei, and T.Lu, Science 280, 407(1998). See also
K.S.Chen and Z.D.Dai, Phys.Rev.Lett. 77, 1210(1996).
23
[22] X.-D.Li, Z.-G.Dai, and Z.-R.Wang, Astron.Astrophys. 303, L1(1995); I.Bombaci,
Phys.Rev.C 55, 1587(1997). See also M.Dey, I.Bombaci, J.Dey, S.Rey, and
B.C.Samanta, Phys.Lett. B438, 123(1998).
[23] X.-D.Li, I.Bombaci, M.Dey, J.Dey, and E.P.J.van den Heuvel, Phys.Rev.Lett. 83,
3776(1999).
[24] For a review, see, for example, http://www1.msfc.nasa.gov/NEWSROOM/news/
releases/2002/02-082.html, April 10, 2002 and C.Seife, Science 296, 238(2002).
For RXJ185635-3754, see J.A.Pons et al., Astrophys.J. 564, 981(2002); J.J.Drake
et al., ibid. 572, 996(2002); F.M.Walter and J.Lattimer, ibid., 576, L145(2002).
For 3C58, see P.Slane et al., Astrophys.J. 571, L45(2002); D.G.Yakovlev et al.,
Astron.Astrophys. 389, L24 (2002).
[25] J.Marburger, http://www.pubaf.bnl.gov/pr/bnlpr091799.html, September 17,
1999; http://www.bnl.gov/bnlweb/rhicreport.html, October 6, 1999.
[26] For a review, see, for example, W.A.Zajc (PHENIX Collaboration), Nucl.Phys.
A698, 39(2002). For recent reports, see, for example, K.Adcox et al. (PHENIX
Collaboration), Phys.Rev.Lett. 88, 022301(2002); 89, 212301(2002); S.S.Adler et
al., et al. 91, 072303(2003); J.Park et al. (PHOBOS Collaboration), Nucl.Phys.
A698, 564c(2002); B.B.Back et al. (PHOBOS Collaboration), Phys.Rev.Lett.
91, 072302(2003); C.Adler et al. (STAR Collaboration), ibid. 89, 202301(2002);
J.Adams et al. (STAR Collaboration), ibid. 91, 072304(2003).
[27] For recent reports, see, for example, K.Adcox et al. (PHENIX Collaboration),
Phys.Rev.Lett. 87, 052301(2001); S.S. Adler et al. (PHENIX Collaboration), ibid.
91, 072301(2003); 93, 092301(2004).
[28] For recent reports, see, for example, I.G.Bearden et al. (BRAHMS Collaboration),
Phys.Rev.Lett. 90, 102301(2003); I.Arsene et al. (BRAHMS Collaboration) ibid.
91, 072305(2003).
[29] K.Ozawa et al., Phys.Rev.Lett. 86, 5019(2001). For a recent report from the
CERN SPS experiments, see D.Adamova´ et al. (CERES/NA45 Collaboration),
Phys.Rev.Lett. 91, 042301(2003).
[30] S.W.Odegard et al., Phys.Rev.Lett. 86, 5866(2001).
[31] A.A.Korsheninnikov et al., Phys.Rev.Lett. 87, 092501(2001); 90, 082501(2003).
For the recent observation of exited states in 5H , see M.S.Golovkov et al.,
Phys.Rev.Lett. 93, 262501(2004).
[32] C.Alt et al. (NA96 Collaboration), Phys.Rev.Lett. 92, 042003(2004).
[33] A.Aktas et al. (H1 Collaboration), Phys.Lett.B588, 17(2004); K.Lipka for the H1,
ZEUS Collaborations, hep-ex/0405051.
24
[34] Y.Nambu, in Preludes in Theoretical Physics, edited by A.de Shalit,
H.Feshbach, and L.van Hove (North Holland, Amsterdam, 1966), p.133; H.Fritzsch
and M.Gell-Mann, in Proc. XVI International Conf. on High Energy
Physics, Batavia and Chicago, 1972, edited by J.D,Jackson and A.Roberts (NAL,
Batavia, 1973), Vol.2, p.135.
[35] A.de Rujula, H.Georgi, and S.L.Glashow, Phys.Rev.D 12, 147(1975).
[36] R.L.Jaffe and F.Wilczek, Phys.Rev.Lett. 91, 232003(2003).
[37] M.Karliner and H,J,Lipkin, Phys.Lett. B575, 249(2003).
[38] For a recent refinement of theoretical estimates of the masses of pentaquark states
in the Jaffe-Wilczek model and in the Karliner-Lipkin model, see, for example,
S.K.Majee and A.Raychaudhuri, hep-ph/0407042, 3 Jul 2004.
[39] For a review, see, for example, M.Praszalowicz, in Skyrmions and Anomalies,
edited by M.Jezabek and M.Praszalowicz (World Scientific, Singapore. 1987).
[40] For a recent discussion of the masses of exotic baryons in the quark and
Skyrme models, see, for example, E.Jenkins and A.V.Manohar, Phys.Rev.Lett.
93, 022001(2004).
[41] Y.Kanada-En’yo, H.Horiuchi, and A.Ono, Phys.Rev.C 52, 628(1995); Y.Kanada-
En’yo and H.Horiuchi, ibid. 52, 647(1995); A.Dote´, Y.Kanada-En’yo, and
H.Horiuchi, Phys.Rev.C 56, 1844(1997); Y.Kanada-En’yo, Phys.Rev.Lett. 81,
5291(1998); A.Dote´ and H.Horiuchi, Prog.Theor.Phys. 103, 261(2000). For a
recent review of the AMD, see Y.Kanada-En’yo, M.Kimura, and H.Horiuchi,
Compt.Rend.Phys. 4, 497(2003).
[42] Y.Kanada-En’yo, O.Morimatsu, and T.Nishikawa, Phys.Rev.C 71, 045202(2005);
hep-ph/0410221, Oct. 2004; Phys.Rev.D 71, 094005(2005).
[43] H.Terazawa, in Ref.[15]; M.A.Shifman, A.I.Vainshtein, and V.I.Zakharov,
Nucl.Phys. B147, 385(1979); B147, 448(1979).
[44] Y.Kondo, O.Morimatsu, and T.Nishikawa, hep-ph/0404285, 30 Apr 2004;
T.Nishikawa, Y.Kanada-En’yo, O.Morimatsu, and Y.Kondo, Phys.Rev.D 71,
016001(2005); Phys.Rev.D 71, 076004(2005). For the recent study of triquark
correlations in the QCD sum rule approach, see H.-J. Lee, N.I.Kochelev, and
V.Vento, Phys.Lett. B610, 50(2005).
[45] For recent reports on possible cadidates for exotic mesons, see, for example, J.Z.Bai
et al., Phys.Rev.Lett. 91, 022001 (2003) for the (pp) state with JPC = 0−+ or 0++
at m = 1859 +3
−10
+5
−25
MeV or 1876.4± 0.9MeV , respectively, and A.P.Szczepaniak
et al., ibid. 91, 092002(2003) for the (ηπ) or (η′π) state with JPC = 1−+ at
m ∼ 1.6GeV .
25
[46] For a recent report on a quenched lattice QCD calculation of pentaquarks, see
N.Mathur et al., Phys.Rev.D 70, 074508(2004), and S.Sasaki, Phys.Rev.Lett. 93,
152001(2004). More recently, Holland and Juge have found no evidence for a pen-
taquark resonance in the quenched lattice QCD approximation where dynamical
quark effects are omitted. See K.Holland and K.J.Juge, hep-lat/0504007, 9 Apr
2005.
[47] S.L.Glashow, Nucl.Phys. 22, 579(1961); A.Salam, in Elementary Particle
Physics, edited by N.Svartholm (Almqvist and Wiksell, Stockholm, 1968), p.367;
S.Weinberg, Phys.Rev.Lett. 19, 1264(1967).
[48] H.Terazawa, Y.Chikashige, and K.Akama, Phys.Rev.D 15, 480(1977);
H.Terazawa, ibid., 22, 184(1980).
[49] J.C.Pati and A.Salam, Phys.Rev.D 10, 275(1974).
[50] H.Miyazawa, Prog.Theor.Phys. 36, 1266(1966); Yu.A.Gol’fand and L.P.Likhtman,
ZhETF Pis.Red. 13, 452(1971)[JETP Lett. 13, 323(1971)]; D.V.Volkov and
V.P.Akulov, ibid. 16, 621(1972)[ibid. 16, 438(1972)]; Phys.Lett. 46B, 109(1973);
J.Wess and B.Zumino, Nucl.Phys. B70, 39(1974).
[51] H.Georgi and S.L.Glashow, Phys.Rev.Lett. 32, 438(1974).
[52] S.Eidelman et al. (Particle Data Group), Phys.Lett. B592, 1(2004).
[53] H.Georgi, H.R.Quinn, and S.Weinberg, Phys.Rev.Lett. 33, 451(1974).
[54] N.Cabibbo, Phys.Rev.Lett. 10, 531(1963); S.L.Glashow, I.Iliopoulos,
and L.Maiani, Phys.Rev.D 2, 1285(1968); M.Kobayashi and T.Maskawa,
Prog.Theor.Phys. 49, 652(1973).
[55] H.Terazawa, Prog.Theor.Phys. 58, 1276(1977); V.Vi
vsnjic´-Triantafillou, Fermilab Report No. FERMILAB-Pub-80/34-THY, 1980 (un-
published); H.Terazawa, Prog. Theor.Phys. 64, 1763(1980); O.W.Greenberg
and J.Sucher, Phys.Lett. 99B, 339(1981); H.Terazawa, Mod.Phys.Lett. A7,
3373(1992).
[56] H.Terazawa, in Ref.[48].
[57] H.Terazawa, Mod.Phys.Lett. A7, 3373(1992); A11, 2463(1996). Recently,
H.Abele et al. has claimed that they find a deviation from the unitarity condi-
tion for the first row of the CKM matrix of ∆ = 0.0083(28), which is 3.0 times
the stated error. See H.Abele et al., Phys.Re.Lett. 88, 211801(2002).
[58] H.Terazawa, Mod.Phys.Lett. A7, 1879(1992).
[59] H.Terazawa, in Ref.[19].
26
[60] W.Buchmuller, R.D.Peccei, and T.Yanagida, Phys.Lett. B124, 67(1983);
R.Barbieri, A.Masiero, and G.Veneziano, ibid. B124, 179(1983); O.Greenberg,
R.N.Mohapatra, and M.Yasue`, ibid. B128, 65(1983).
[61] H.Terazawa, J.Phys.Soc.Jpn. 55, 4249(1986); H.Terazawa and M.Yasue`,
Phys.Lett. B206, 669(1988); H.Terazawa, in Perspectives on Particle
Physics, edited by S.Matsuda et al. (World Scientific, Singapore, 1988), p.193.
[62] H.Terazawa and M.Yasue`, Phys.Lett. B307, 383(1993); H.Terazawa,
Mod.Phys.Lett. A10, 199(1995).
[63] For a review, see, for example, J.Gasser and H.Leutwyler, Phys.Rep. 87, 77(1982).
[64] Y.Nambu and G.Jona-Lasinio, Phys.Rev. 122, 345(1961).
[65] Y.Nambu, Nucl.Phys. A629, 3c(1998); A638, 35c(1998).
[66] A.Davidson, T.Schwartz, and K.C.Wali, J.Phys.G:Nucl.Part.Phys. 24, L55(1998).
[67] H.Terazawa, Mod.Phys.Lett. A13, 2427(1998).
[68] H.Terazawa, Prog.Theor.Phys. 79, 738(1988).
[69] T.Meng, R.Rittel, and Y.Zhang, Phys.Rev.Lett. 82, 2044(1999). See also C.Boros,
T.Meng, R.Rittel, and Y.Zhang, hep-ph/9704285 and hep-ph/9807313; T.Meng,
R.Rittel, K.Tabelow, and Y.Zhang, hep-ph/9807314; and C.Boros, T.Meng,
R.Rittel, K.Tabelow, and Y.Ahang, Phys.Rev.D 61, 094010(2000). Very recently,
J.-P.Blaizot et al. have proposed an effective theory which governs Pomeron dy-
namics in QCD at high energy, in the leading logarithmic approximation and in
the large Nc limit where Nc is the number of colors. See J.-P.Blaizot, B.Iancu,
K.Itakura, and D.N.Triantafyllopoulos, Phys.Lett. B615, 221(2005). See also
Y.Hatta, E.Iancu, K.Itakura, L.McLerran, Nucl.Phys. A759 (2005), in which they
discuss the definition and the energy evolution of scattering amplitudes with “odd-
eron” quantum numbers within the effective theory for the color glass condensate
endowed with the functional evolution equation in QCD.
[70] P.Bak, C.Tang, K.Wiesenfeld, Phys.Rev.Lett. 59, 381(1987); Phys.Rev.A 38,
364(1988). For a review, see, for example, P.Bak, How Nature Works (Springer-
Verlag, New York, 1996).
[71] T.Matsumoto and Y.Nambu, papers contibuted to the 19-th International Conf. on
High Energy Physics, Tokyo, 1978 (Contribution No. 369 and 956, respectively).
For reviews, see K.Kikkawa and B.Sakita, in Proc. 19th International Conf.
on High Energy Physics, Tokyo, 1978, edited by S.Homma, M.Kawaguchi,
and H.Miyazawa (Physical Society of Japan, Tokyo, 1979), p.507 and 921, re-
spectively. For more details, see T.Matsumoto, UT Report No. UT-Komaba 78-10
(unpublished) and Y.Nambu, Phys.Lett. 80B, 372(1979).
27
[72] S.J.Brodsky, T.Kinoshita, and H.Terazawa, Phys.Rev.D 4, 1532(1971). For a re-
view on the two photon process, see H.Terazawa, Rev.Mod.Phys. 45, 615(1973).
[73] H.Terazawa, a contributed paper to the 1971 International Symp. on Electron and
Photon Interactions at High Energies, Cornell, 1971, Report No. CLNS-160 (LNS,
Cornell Univ., 1971), in Proc. 1971 International Symp. on Electron and
Photon Interactions at High Energies, Cornell, 1971, edited by N.B.Mistry
(Lab. of Nucl. Studies, Cornell Univ., Ithaca, N.Y., 1972), p.327. For a more recent
work, see, for example, L.L.Jenkovszky, E.S.Martynov, and F.Paccanoni, in Proc.
XII-th Workshop on “Soft” Physics (HADRONS-96), Novy Svet, Crimea,
1996, edited by G.Bugrij, L.Jenkovszky, and E.Martynov (Bogoliubov Institute for
Theoretical Physics, Kiev, 1996), p.159. For a recent brief review, see, for example,
S.Donnachie, CERN Courier 39, No. 3, 29(1999).
[74] For the recent discovery of a narrow meson resonance, X(3872), at m = 3872.0±
0.8 ± 0.5MeV , see S.-K.Choi et al. (Belle Collaboration), Phys.Rev.Lett. 91,
262001(2003); B.Aubert et al. (BABAR Collaboration), ibid. 93, 041801 (2004);
D.Acosta et al. (CDF II Collaboration), ibid. 93, 262001(2004). It seems to be
a good candidate for an exotic meson of (ccqq), (ccg), (ccG), or (cch), where
q, g, G, and h are the up or down quark, gluon, glueball, and color-ball, re-
spectively. For a more recent discovery of an exotic narrow charmed strange
meson, D+sJ(2632), at m = 2632.6 ± 1.6MeV , see A.V.Evdokimov et al. (SA-
SEX Collaboration), Phys.Rev.Lett. 93, 242001(2004). It also seems to be a
good candidate for the exotic meson of (csqq), (csg), (csG), or (csh), where q
is the up, down, or strange quark. For a recent interpretation of Ds(2317) and
Ds(2457) together with Ds(2632) as four-quark states, see Y.-Q.Chen and X.-Q.Li,
Phys.Rev.Lett. 93, 232001(2004). However, note that Ds(2317) and Ds(2457) can
be well taken as ordinary mesons of (cs). See, for example, T.Matsuki and T.Morii,
Phys.Rev.D 56, 5646(1997); T.Matsuki, K.Mawatari, T.Morii, and K.Sudoh,
Phys.Lett. B606, 329(2005). For a latest data on X(3872), see, for example,
S.Dobbs et al. (CLEO Collaboration), Phys.Rev.Lett. 94, 032004(2005). They
suggest that X may be either an exotic meson or a hybrid meson of (D0D
∗0
)
or (D
0
D∗0). Very lately the Belle Collaboration has found another meson reso-
nance, Y (3940), at m = 3943 ± 11 ± 13MeV with Γ = 87 ± 22 ± 26MeV in
addition to X(3872). See S.-K.Choi et al. (Belle Collaboration), Phys.Rev.Lett.
94, 182002(2005). For a latest brief review, see C.Seife, Science Vol. 308, 10 June
2005, p.1543. See also, ibid., 22 August 2003, p.1026. For the latest report from the
Belle Collaboration on the first observation of a new charmonium state, X(3940),
at m = 3.943 ± 0.006 ± 0.006GeV and with Γ < 52MeV at the 90% C.L., see
K.Abe et al.(Belle Collaboration), BELLE-CONF-0517, hep-ex/0507019, 4 Jul
2005. Also. for another latest report from the BABAR Collaboration on the ob-
servation of a broad structure in the π+π−J/ψ mass spectrum at m ∼= 4.26GeV
and Γ ∼= 50 − 90MeV , see B.Aubert et al. (BABAR Collaboration), BABAR-
PUB-05/29, SLAC-PUB-11320, hep-ex/0506081, 30 Jun 2005.
28
[75] Y.Fukuda et al. (Super-Kamiokande Collaboration), Phys.Rev.Lett. 81,
1562(1998). For a review, see T.Kajita and Y.Totsuka, Rev.Mod.Phys. 73,
85(2001). The later result of the MACRO experiment on atmospheric neu-
trino oscillations favor νµ ↔ ντ oscillations with maximal mixing and ∆m2µτ =
0.0025eV 2[G.Giacomelli (for the MACRO Collaboration), hep-ex/0210006, 3 Oct
2002].
[76] K.Nishijima, Phys.Rev. 108, 907(1957); J.Schwinger, Ann.of Phys. 2, 407(1957);
S.Bludman, Nuovo Cim. 9, 433(1958).
[77] S.H.Ahn et al.(K2K Collaboration), Phys.Lett. B511, 178(2001); M.H.Ahn et al.,
Phys.Rev.Lett. 90, 041801(2003).
[78] Q.R.Ahmed et al.(SNO Collaboration), Phys.Rev.Lett. 87, 071301(2001); 89,
011301(2002); 89, 011302(2002).
[79] DONUT Collaboration (M.Nakamura for the collaboration),
Nucl.Phys.Proc.Suppl. 77, 259(1999).
[80] For the recent reports, see S.Fukuda et al.(Super-Kamiokande Collaboration),
Phys.Rev.Lett. 86, 5651(2001); 86, 5656(2001); Phys.Lett. B539, 179(2002). Note
that the recent result from the KamLAND Collaboration has excluded all oscilla-
tion solutions but the ‘Large Mixing Angle’ solution to the solar neutrino problem
with a large mixing (sin22θeµ ∼= 0.86 − 1.00) and a small mass-squared differ-
ence (∆m2eµ
∼= 6.9 × 10−5eV 2). See K.Eguchi et al. (KamLAND Collaboration),
Phys.Rev.Lett. 90, 021802 (2003).
[81] Recently, the Heidelberg-Moscow group has reported the first possible evidence
for neutrinoless double beta decay, deducing the effective neutrino mass of (0.11-
0.56)eV(95% c.l.) with a best value of 0.39eV[H.V.Klapdor-Kleingrothaus et al.,
Mod.Phys.Lett. A16, 2409(2001)]. Also, recently, the determination of absolute
neutrino masses from Z-bursts caused by ultrahigh energy neutrino scatterings
on relic neutrinos has predicted the heaviest neutrino mass to be 2.75+1.28−0.98eV
for galactic halo and 0.26+0.20−0.14eV for extragalactic origin[Z.Fodor, S.D.Katz, and
A.Ringwald, Phys.Rev.Lett. 88, 171101(2002)]. More recently, by comparing the
power spectrum of fluctuations derived from the Two Degree Field Galaxy Redshift
Survey with power spectra for models with four components, an upper limit on the
total neutrino mass of 1.8eV has been obtained[Ø.Elgarøv et al., Phys.Rev.Lett.
89, 061301(2002)].
[82] R.Bernabei et al., Phys.Lett. B450, 448(1999); Riv.Nuovo Cim. 26, 1(2003). Re-
cently, the EDELWEISS experiment has ruled out the positive signal claimed
by the DAMA experiment. See A.Benoit et al., Phys.Lett. B545, 43(2002);
V.Sanglard et al.(EDELWEISS Collaboration), Phys.Rev.D 71, 122002(2005).
More recently, the CDMS Collaboration has set the world’s lowest exclusion limits
on the coherent WIMP-nucleon scalar cross section for all WIMP masses above
29
15GeV, ruling out a significant range of neutralino supersymmetric models. See
D.S.Akerib et al.(CTMS Collaboration), Phys.Rev.Lett. 93, 211301(2004).
[83] H.N.Brown et al.(Muon (g-2) Collaboration), Phys.Rev.Lett. 86, 2227(2001);
G.W.Bennett et al.(Muon (g-2) Collaboration), ibid. 89, 101804(2002); 89,
129903(E)(2002). “After carefully re-examining the underlying calculations, ex-
perts found that there was, in fact, a mathematical error in the predicted value.
The Brookhaven team’s measured value has not changed, but is no longer a puz-
zle.”[CERN Courier, Vol.42, No,1, January/February 2002, p.7]. For later com-
parisons, see, for example, S.Narison, in Proc.1-st High-Energy Physics Con-
ference in Madagascar, Antananarivo, Madagascar, 2001, p.128; M.Davier et
al., Eur.Phys.J. C27, 497(2003); K.Hagiwara et al., Phys.Lett. B557, 69(2003).
[84] See, for example, B.R.Oppenheimer et al. 10.1126/science.1059954(Science Ex-
press Research Articles); Science 292, 698(2001). For recent brief reviews,
see, for example, M.Sincell, Science 291, 2293(2001); 292, 619(2001); J.Foust,
http://spaceflightnow.com/ news/n0103/23darkmatter, March 23, 2001.
[85] Very recently, Lattimer and Prakash have demonstrated that the largest measured
mass of a neutron star establishes an upper bound to the energy density of ob-
servable cold baryonic matter. See J.M.Lattimer and M.Prakash, Phys.Rev.Lett.
94, 111101(2005).
[86] For a recent brief review on the “deepest X-ray ever” by Chandra
Deep Field South, see, for example, D.Beaseley, S.Roy, and M.Watzke,
http://chandra.harvard.edu/press/01 releases/press 031301.html, March 13, 2001.
Very recently, Inoue and Tanaka have pointed out that, in many brane world mod-
els, premordial black holes(PHB) with a lunar massM ∼ 10−7M⊙ might have been
produced when the temperature of the Universe was at ∼ 1TeV and considered
the PBH sub-lunar-mass compact objects with mass 10−12M⊙ ≤ M ≤ 10−7M⊙
as the dominant constituent of cold dark matter in the dark halo of galaxies. See
K.T.Inoue and T.Tanaka, Phys.Rev.Lett. 91, 021101(2003).
[87] For a recent brief review, see, for example,
http://chandra.harvard.edu/photo/2003/abell 2029/index.html, June 11, 2003.
[88] B.Paczn´ski and P.Haensel, astro-ph/0502297, 15 Feb 2005. See also D.Lazzati,
Mon.Not.Roy.Astron.Soc. 357, 722(2005).
[89] R.Minchin et al., Astrophys.J. 622, L21(2005).
[90] J.Davies et al., Mon.Not.Roy.Astron.Soc. 349, 922(2004).
[91] S.Perlmutter et al. (Supernova Cosmology Project), Nature 391, 51(1998);
Phys.Rev.Lett. 83, 670(1999); Astrophys.J. 517, 565(1999); P.M.Garnavich et
al. (High-Z Supernova Search Team), Astrophys.J. 493, L53(1998); A.G.Riess et
al. (High-Z Supernova Search Team), Astron.J. 116, 1009(1998); 117, 707(1999).
30
For reviews, see, for example, J.Glanz, Science 279, 651(1998); 282, 2156(1998).
For a recent report, see A.Goobar et al., Phys.Scripta T85, 47(2000).
[92] H.Terazawa, in Proc. 2-nd Biannual International Conference on Non-
Euclidean Geometry in Modern Physics, Nyiregyhaza (Hungary), 1999,
edited by I.Lovas et al., Acta Physica Hungariaca, New Series: Heavy Ion Physics
10, 407(1999).
[93] A.D.Sakharov, Dokl.Akad.Nauk SSSR 177, 70(1967)[Sov.Phys.JETP
12, 1040(1968)]; K.Akama, Y.Chikashiga, T.Matsuki, and H.Terazawa,
Prog.Theor.Phys. 60, 868(1978); S.L.Adler, Phys.Rev.Lett. 44, 1567(1980);
A.Zee, Phys.Rev.D 23, 858(1981); D.Amati and G.Veneziano, Phys.Lett. 105B,
358(1981).
[94] H.Terazawa and K.Akama, Phys.Lett. 69B, 276(1980); 97B, 81(1980);
H.Terazawa, ibid. 133B, 57(1983).
[95] H.Terazawa, Y.Chikashige, and K.Akama, in Ref.[48]; K.Akama, Y.Chikashige,
T.Matsuki, and H.Terazawa, in Ref.[93]; H.Terazawa, in Ref.[48].
[96] P.A.M.Dirac, Nature 139, 323(1937); Proc.R.Soc.London A165, 199(1938);
A333, 403(1973); A338, 439(1974).
[97] A.Vilenkin, Phys.Rev.Lett. 81, 5501(1998); A.A.Starobinsky, JETP Lett. 68,
757(1998).
[98] For brief reviews, see, for example, A.Riess,
http://oposite.stsci.edu/pubinfo/PR/200109/index.html, April 2, 2001;
D.S.Savage and R.Villard, http://ftp.hq.nasa.gov/pub/pao/pressrel/2001/01-058.txt,
April 2, 2001; E.Thompson, http://www.nasa.gov/, April 2, 2001. See also,
A.G.Riess et al., Astrophys.J. 600, L163(2004) and J.-P.Lumiet et al., Nature
425, 593(2003). For a recent review, see C.Seife, Science 303, 1271(2004).
Very recently, an extreme small galaxy has been found with a “redshift” of 10
(corresponding to a mere 460 million years old after the big bang) by scanning the
region of a well-known cluster of galaxies, Abel 1835 at the image taken by the
Very Large Telescope. For a brief review, see C.Seife, Science 303, 1597(2004).
[99] J.A.Peacock et al., Nature 410, 169(2001); M.Colless et al.,
Mon.Not.Roy.Astron.Soc. 328, 1039(2001). For a brief review, see, for ex-
ample, A.Watson, Science 295, 2341(2002).
[100] J.L.Sievers et al.(CBI Collaboration), Astrophys.J. 591, 599(2003).
[101] C.L.Bennett et al., http://www.gsfc.nasa.gov/topstory/20030206mapresults.html;
http://lambda.gsfc.nasa.gov/ product/map/map bibliography.html; Astro-
phys.J.Suppl. 148, 1(2003); D.N.Spergel et al., Astrophy.J.Suppl. 148, 175(2003).
See also T.Reichhardt, Nature 421, 777(2003); S.Carroll, ibid. 422, 26(2003);
31
G.Brumfiel, ibid.422, 108(2003). For a review, see B.Schwarzschild, Physics
Today, Vol.56, No.4, April 2003, p.21.
[102] T.Jacobson, S.Liberati, and D.Mattingly, Nature 424, 1019(2003). For a re-
cent brief review, see S.Carroll, ibid. 424, 1007(2003) and A.Cho, Science 301,
1169(2003).
[103] G.Amelino-Camelia, J.Ellis, N.E.Mavromatos, D.V.Nanopoulos, and S.Sarkar,
Nature 393, 763(1998).
[104] R.C.Myers and M.Pospelov, Phys.Rev.Lett. 90, 211601(2003).
[105] For a review, see, for example, H.Terazawa, in Proc. 1st A.D.Sakharov Con-
ference on Physics, Moscow, 1991, edited by L.V.Keldysh and V.Ya.Fainberg
(Nova Science, New York, 1992), p.1013.
[106] H.Terazawa, in Quantum Field Theory and Quantum Statistics, edited
by I.A.Batalin and G.A.Vilkovisky (Adam Hilger, London, 1987), Vol.I, p.637;
in Particle and Nuclei, edited by H.Terazawa (World Scientific, Singapore,
1986), p.304; in Modern Problems of the Unified Field Theory, edited by
D.V.Golt’sov, L.S.Kuzmenkov, and P.I.Pronin (Moscow State University, Moscow,
1991), p.124 (in Russian translation); in Proc. 5th Seminar on Quantum
Gravity, Moscow, 1990, edited by M.A.Markov, V.A.Berezin, and V.P.Frolov
(World Scientific, Singapore, 1991), p.643.
[107] For recent brief reviews, see, for example, C.Seife, Science 308, 22 April
2005, p.479; CERN Courier, Vol.45, No.4, May 2005, p.6; H.Terazawa, KEK
Preprint 2005-32(High Energy Accelerator Research Organization, Tsukuba,
Ibaraki, Japan) June 2005, to be published in the Proceedings of the XII
Annual Seminar “Nonlinear Phenomena in Complex Systems”, Minsk,
May 17-20, 2005, edited by L.Babichev and V.Kuvshinov (Institute of Physics,
Minsk, 2005).
[108] For a previous brief review, see, for example, C.Seife, Science 306, 24 Decembe
2004, p.2180.
[109] H.Terazawa, in Proc. International Conference BGL-4(Bolyai-Gauss-
Lobachevsky) “Non-Euclidean Geometry in Modern Physics and
Mathematics”, Nizhny Novgorod, 2004, edited by L.Jenkovszky and
G.Polotovskiy(Bogolyubov Institute for Theoretical Physics, Kiev, 2004), p.218;
KEK Preprint 2005-27 (High Energy Accelerator Research Organization, Tsukuba,
Ibaraki, Japan) May 2005, to be published in the Proceedings of the XII An-
nual Seminar “Nonlinear Phenomena in Complex Systems”, Minsk, May
17-20, 2005, edited by L.Babichev and V.Kuvshinov (Institute of Physics, Minsk,
2005).
32
[110] S.E.Thorsett, Phys.Rev.Lett. 77, 1432(1996). For a recent review, see J.Uzan,
Rev.Mod.Phys. 75, 403(2003). For a recent report, see C.J.Copi, A.N.Davis, and
L.M.Krauss, Phys.Rev.Lett. 92, 171301(2004).
[111] J.K.Webb et al., Phys.Rev.Lett. 82, 884(1999); ibid. 87, 091301(2001);
M.T.Murphy, J.K.Webb, and V.V.Flambaum, Mon.Not.R.Astron.Soc. 345,
609(2003). For a recent review, see A.Songaila and L.L.Cowie, Nature 398,
667(1999). For recent reports, see R.L.White et al., Astron.J. 126, 1(2003);
J.N.Bahcall, C.L.Steinhardt, and D.Schlegel, Astrophy.J. 600, 520(2004);
A.Songaila, Astron.J. 127, 2598(2004).
[112] H.Terazawa, Phys,Lett. 101B, 43(1981).
[113] L.Landau, in Niels Bohr and the Development of Physics, edited by
W.Pauli(McGraw-Hill, New York, 1955), p.52. In 1977, we suggested abnormally
strong gravity at short distances which breakes some presently reliable basic prici-
ples in quantum field theories such as special relativity and microscopic causality
at a distance of the order of the Planck length. We also suggested that baryon
number generation occurred in the very early Universe, breaking CPT invariance
which is based on these basic priciples. See H.Terazawa, M.Kasuya, and K.Akama,
INS-Report-331(INS, Univ. of Tokyo, 1979); H.Terazawa, in Proc. Workshop
Unified Theories and Baryon Number in the Universe, Tsukuba, 1979,
edited by O.Sawada and A.Sugamoto(National Lab. for High Energy Physics,
Tsukuba, 1979), p.99; Gen.Relativ.Gravit. 12, 93(1980). For a recent idea similar
to the latter suggestion, i.e., dynamical breaking of CPT in an expanding Universe
and, combined with baryon-number-violating interactions, driving the Universe
towards an equilibrium baryon asymmetry that is observationally acceptable, see
H.Davoudiasl et al., Phys.Rev.Lett. 93, 201301(2004). Also, recently, Calmet et
al. have derived fundamental limits on measurements of position, arising from
quantum mechanics and classical general relativity and shown that any primitive
probe or target used in an experiment must be larger than the Planck length. See
X.Calmet, M.Graesser, and S.D.H.Hsu, Phys.Rev.Lett. 93, 211101(2004).
[114] T.Kaluza, Sitzker.Preuss.Akad.Wiss. K1, 966(1921); O.Klein, Z.Phys. 37,
896(1926).
[115] N.Arkani-Hamed, S.Dimopoulos, and G.Dvali, Phys.Lett. B429, 263(1998);
Phys.Rev.D 59, 086004(1999); I.Antoniadis et al., Phys.Lett. B436, 257(1998);
L.Randall and R.Sundrum, Phys.Rev.Lett. 83, 3370(1999); 83, 4690(1999). Note
that superstring theories at the Fermi mass scale G
−1/2
F (∼ 300GeV ) instead of
at the Planck mass scale G−1/2(∼ 1019GeV ) was first suggested by myself by a
decade earlier. See H.Terazawa, Prog.Theor.Phys. 79, 734(1988).
[116] R.Aurich, S.Lustig, F.Steiner, and H.Then, Phys.Rev.Lett. 94, 021301(2005).
[117] E.Picard, Bull.Soc.Math.France 12, 43(1884).
33
